A novel Gram-staining-positive, rod-shaped, motile, strictly aerobic, endospore-forming bacterium, designated WCC 4585 T , was isolated from a pharmaceutical production line. The organism grew optimally at 30 6C, at pH 8 and in the presence of 0.5 % (w/v) NaCl. Oval endospores were formed subterminally and terminally in swollen sporangia. The cell-wall diamino acid was meso-diaminopimelic acid (type A1c) and the genomic DNA G+C content was 38.7 mol%. The major menaquinone was MK-7. The cellular fatty acid profile contained major amounts of iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 , and the cellular phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and aminophospholipid. 
High hygienic requirements are demanded for clean rooms of pharmaceutical production lines. In the EU Guidelines to Good Manufacturing Practice (European Commission, 2008) a grade A category for air at filling stations of sterile medicinal products was defined. There, the maximum permitted airborne particle frequencies at rest are 3500 particles m 23 of 0.5 mm size and 0 particles m 23 of 5 mm size. The recommended limits for microbial contaminations at operation are ,1 c.f.u. m 23 and therefore continuous environmental monitoring for the viable counts of microorganisms is required. Usually, in these locations aerobic Gram-positive cocci and spore-forming bacteria are the predominant contaminants. For identification purposes a Fourier-transform infrared spectroscopy-based database developed at the Department of Microbiology, Technische Universität München, was adapted to the pharmaceutical environment using Bacillus isolates from clean room environmental monitoring identified by 16S rRNA gene sequence analysis. During the course of this study, one endospore-forming isolate, designated strain WCC 4585 T , was assigned to the genus Bacillus but could not be identified at the species level. Here, we present the taxonomic characterization of this strain.
All samples from the clean room monitoring at a pharmaceutical production line for vaccines in east Germany had been collected on common media used for aerobic bacteria such as tryptone soy agar (TSA; Roth), TSA supplemented with 0.1 % glucose (TSGA), tryptone soy broth (TSB; Roth) solidified by the addition of 15 g agar l 21 (TSBA) and plate count skim milk agar (PCMA; Merck). Strain WCC 4585
T grew well on these agar media, but it showed the best growth on Columbia agar with sheep blood (Oxoid), nutrient agar (DEVA; Roth) and brain heart infusion agar (BHIA; Merck). For morphological, biochemical and physiological characteristics The Gram reaction was determined using the non-staining KOH method as described by Ryu (1940) . Catalase activity was determined with 3 % (v/v) H 2 O 2 ; oxidase reaction was determined using Bactident Oxidase strips (Merck). Growth at different pH values (pH 4.0-10.0 at intervals of 0.5 pH units) was examined using TSB media buffered as described by Xu et al. (2005) ; growth occurred at pH values from 7.0 to 9.5. Tolerance of various salinities [0.5-7.5 % (w/v) NaCl, at intervals of 1 % and 8.5-11 % (w/v), at intervals of 0.5 %] was assessed in TSB for up to 14 days at 30 u C; strain WCC 4585 T grew at 0.5-8.5 % (w/v) NaCl. The temperatures for growth were determined on TSGA and in shaken (200 r.p.m.) TSB (pH 7.3); the isolate grew at 10-40 uC.
The strains were characterized using API 50 CHB, API 20 NE, API Staph, API 20 E, API Coryne, rapid ID 32 Strep, ID 32 GN and API ZYM systems (bioMérieux). All wells for the determination of acid production from carbohydrates were covered with paraffin and strips were incubated for up to 7 days at 30 u C in a humid chamber and recorded repeatedly. API ZYM was evaluated after incubation for 7 h at 30 u C. Addition of reagents to the cupules of all strips was performed according to the manufacturer's instructions. If differing results were achieved among the systems the API strips were given priority over the ID strips. A reaction was considered positive after an incubation time specified in the manufacturer's instructions, and weakly positive after a prolonged incubation time. Due to variations in vitality of a culture or inoculation density, sometimes weakly positive reactions were also negative or questionable in repeated tests or in the various API/ID strip preparations. In those cases another repetition was performed to confirm one of the results.
Cell morphology and motility were examined using a microscope equipped with phase-contrast optics (Leica) after cultivation of strains on TSGA and PCMA (7 days at 30 u C) and in TSB (18-24 h at 30 u C) aerated by shaking. The novel strain was motile and generated ellipsoidal endospores in subterminally and terminally swollen sporangia ( Fig. S1 available in IJSEM Online).
Resistance to lysozyme, production of dihydroxyacetone, reduction of nitrate, egg-yolk reaction and decomposition of casein, gelatin, hypoxanthine, starch, tyrosine or xanthine were examined as described by . Growth under anaerobic conditions was tested on BHIA cultivated in an evaporated and sealed plastic bag together with an Anaerocult Mini pillow (Merck) for 14 days at 30 u C. Hydrolysis of Tweens 20, 40, 60 and 80 and glyceryl tributyrate was determined as described by Harrigan & McCance (1976) . DNase activity agar medium was used as commercially available material (Merck). Results for all biochemical and morphological studies are given in the species description and Table 1 .
The nearly complete 16S rRNA gene sequence (1512 bp) of the isolate was determined according to the protocol of Schmidt et al. (2009) . Phylogenetic analysis confirmed that the isolate was a member of the genus Bacillus and that a presumably hitherto unknown species of the genus Bacillus had been isolated. Pair-wise comparison of the 16S rRNA gene sequences using BLAST (Altschul et al., 1997) , megaBLAST (Zhang et al., 2000) and FASTA (Pearson & Lipman, 1988) methods revealed that the most closely related organisms were many non-type strains of B. firmus with which strain WCC 4585
T shared ¡97.8 % 16S rRNA gene sequence similarities; within type strains only B. horneckiae DSM 23495
T exhibited a relatively high similarity value (97.29 %). The identification of phylogenetic neighbours using EzTaxon database (Chun et al., 2007) T shared only 95.5 % similarity.
The 16S rRNA gene sequence of the isolate was aligned with reference sequences obtained from pair-wise comparison with the EzTaxon database, using the multiple sequence alignment programs MEGA (Tamura et al., 2007) , CLUSTAL_X (Thompson et al., 1997) , TREECON (Van de Peer & De Wachter, 1997) and Phylo-Win (Gouy et al., 2010) . The topologies of trees constructed using neighbour-joining, maximum-parsimony and maximum-likelihood methods were very similar. (Figs 1 and S2 ). Partial groEL sequences were obtained according to Goh et al. (1996) and Seiler et al. (2012) . The phylogenetic trees based on the groEL sequences of strain WCC 4585 T and other species of the genus Bacillus using different sequence similarity calculation methods confirmed the separate phylogenetic position of the novel strain (Table 1 ; Fig. S3 ).
Analysis of G+C content of genomic DNA, spectroscopic genomic DNA-DNA reassociation analysis with two repetitions, determination of the cellular fatty acid profiles, examination of respiratory quinones and the analysis of the cell-wall peptidoglycan and of polar lipids were carried out by the DSMZ Identification Service (DSMZ, Braunschweig, Germany) as described previously (Seiler et al., 2012) . The DNA G+C content of strain WCC 4585 T was 38.7±0.5 mol%, which falls within the wide range reported for the genus Bacillus Wayne et al. (1987) , who recommended a threshold value of 70 % DNA-DNA relatedness for the delineation of bacterial species.
The major fatty acids of strain WCC 4585 T determined with the Sherlock Microbial Identification system (MIDI; version 6.1, database TSBA40 4.10, calc. method ACTIN6; gas chromatograph Agilent 6890N; preparation of samples: TSB, 28 u C, 24 h) were iso-C 15 : 0 (28.2 %), anteiso-C 15 : 0 (35.0 %) and anteiso-C 17 : 0 (9.5 %), which were considerably different to those of other closely related species of the genus Bacillus (Table S1 ). In particular the amount of iso-C 15 : 0 and anteiso-C 15 : 0 showed significant variance with values ranging from 24.1 to 57.4 % and 9.6 to 38.5 %, respectively. Clear differences from the genetically closely related species B. oceanisediminis H2 T were observed in the amount of anteiso-C 15 : 0 (35.0 % versus 9.6 %) and C 16 : 1 v7c alcohol (2.2 % versus 10.0 %). The isoprenoid quinones of strain WCC 4585 T were menaquinone MK-7 (97 %) and MK-6 (3 %). The cell-wall type of strain WCC 4585
T was based on meso-diaminopimelic acid (A1c). The respiratory quinones and the peptidoglycan type of the cell wall were similar to those of phylogenetically related taxa. The polar lipids of strain WCC 4585 T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), aminophospholipid (PN) and two unknown phospholipids (PL1 and PL2). (Fig. S4) . For B. subtilis DSM 10 T , the type species of the genus, DPG, PE, PG and PN and, in addition, b-gentiobiosyldiacylglycerol (GBG) have been reported (Vaishampayan et al., 2010) .
On the basis of the morphological, biochemical and physiological characteristics, 16S rRNA gene and groEL sequence analyses, DNA G+C content determination and DNA-DNA hybridization studies according to the minimal standards for describing novel species Tindall et al., 2010), strain WCC 4585 T is considered to belong to a novel species of the genus Bacillus, for which the name Bacillus gottheilii sp. nov. is proposed.
Description of Bacillus gottheilii sp. nov.
Bacillus gottheilii (got.thei9li.i. N. L. gen. masc. n. gottheilii of Gottheil, named after Otto Gottheil who together with Arthur Meyer originally described the species Bacillus pumilus and Bacillus simplex).
Cells are motile rods (0.7-0.863-10 mm). Chains are not formed but filaments up to 30 mm are developed. Parasporal crystals are not produced. Ellipsoidal endospores are generated subterminally and terminally in swollen sporangia. Colonies on TSA are cream, flat to low convex and opaque with almost entire margins; after 24 h on TSA at 30 u C, colony diameter is 1-2 mm, after 72 h, 5-8 mm. Growth occurs at 10-40 u C (optimum, 30 u C), at pH 7.0-9.5 (optimum, pH 8) and up to 8.5 % (w/v) NaCl (optimum, 0.5 %). No growth is observed in the presence of 100 U lysozyme ml 21 or 5 mg novobiocin ml 21 in TSB. Positive for Gram-staining, catalase activity and reduction of nitrate; negative for oxidase activity, anaerobic growth, Voges-Proskauer reaction, (C8), a-or b-glucosidase, leucine arylamidase and pyrazinamidase; negative for acid phosphatase, arginine dihydrolase, cystine arylamidase, a-fucosidase, a-or b-galactosidase, b-glucuronidase, glycyl-tryptophan arylamidase, lipase (C14), lysine decarboxylase, a-or b-mannosidase, N-acetyl-D-glucosaminidase, naphthol-AS-Bi phosphohydrolase, ornithine decarboxylase, pyroglutamate arylamidase, trypsin, tryptophan deaminase or valine arylamidase. The cell-wall peptidodoglycan contains meso-diaminopimelic acid (A1c). The major respiratory menaquinone is MK-7. The predominant polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and aminophospholipid. The major fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 .
The type strain, WCC 4585 T (5DSM 23668 T 5CCUG 59876 T 5LMG 25856 T ), was isolated from a pharmaceutical manufacturing site in east Germany. The DNA G+C content of the type strain is 38.7±0.5 mol% (HPLC).
